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General PrinciplesGeneral Principles
The question of standards needs to be addressed The question of standards needs to be addressed 
for each species that will be profiled. for each species that will be profiled. 

At present, the primary targets for standard At present, the primary targets for standard 
development would be human, mouse, and rat development would be human, mouse, and rat 
because of their importance for medical research.because of their importance for medical research.

Standards developed should be based on Standards developed should be based on 
principles that are extensible to other species. principles that are extensible to other species. 

For the purposes of this workshop, we will focus For the purposes of this workshop, we will focus 
on defining approaches to developing an optimal on defining approaches to developing an optimal 
human standard.human standard.
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What is an RNA Standard?What is an RNA Standard?
There are at least There are at least fourfour standards that one standards that one 
might want to consider:might want to consider:

A common reference RNA to which all samples A common reference RNA to which all samples 
are comparedare compared
A common reference RNA that can be used to A common reference RNA that can be used to 
validate the measured expression level of validate the measured expression level of 
particular genes on a particular platformparticular genes on a particular platform
A common reference RNA which can be used to A common reference RNA which can be used to 
measure the performance of each platformmeasure the performance of each platform
A common reference RNA that can be used as a A common reference RNA that can be used as a 
“spiking” control to facilitate comparisons“spiking” control to facilitate comparisons
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A Good Standard ShouldA Good Standard Should
Allow performance validation of any single platform Allow performance validation of any single platform 
over time.over time.
Facilitate comparison between various platforms Facilitate comparison between various platforms 
used to assay gene expression.used to assay gene expression.
Be constructed in such a manner as to assure Be constructed in such a manner as to assure 
consistency over time.consistency over time.
Include a well defined protocol describing how it is Include a well defined protocol describing how it is 
made and validated. made and validated. 
Include two or more samples that allow one to make Include two or more samples that allow one to make 
both absolute and relative measurements of the both absolute and relative measurements of the 
abundance of individual transcripts. abundance of individual transcripts. 
Not be limited to hybridizationNot be limited to hybridization--based approaches, based approaches, 
but should be amenable to use with other assays but should be amenable to use with other assays 
such as QRTsuch as QRT--PCRPCR
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Implementing a StandardImplementing a Standard
An RNA standard would likely consist of two or An RNA standard would likely consist of two or 
more validated and qualified complex pools of RNA more validated and qualified complex pools of RNA 
with some number of individual transcripts with some number of individual transcripts 
represented at some fixed absolute/relative represented at some fixed absolute/relative 
concentrations. concentrations. 

It was envisioned that NIST would maintain a It was envisioned that NIST would maintain a 
primary standard and qualify secondary standards.primary standard and qualify secondary standards.
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Questions for this WorkshopQuestions for this Workshop
How much of the genome should be covered by any How much of the genome should be covered by any 
standard?standard?

What performance metrics should be established for What performance metrics should be established for 
any standard?any standard?

What mix of “real” RNA and synthetic/exogenous What mix of “real” RNA and synthetic/exogenous 
species should be included in any standard? What species should be included in any standard? What 
should the source of the standard be?should the source of the standard be?

What metrics would be used for validation of the What metrics would be used for validation of the 
standard?standard?

How the standard would be used for calibration and How the standard would be used for calibration and 
validation of various platforms?validation of various platforms?
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Other viewsOther views
Matthew Matthew MartonMarton, Rosetta , Rosetta InpharmaticsInpharmatics

Properties and Uses of RNA Reference Standards in a Properties and Uses of RNA Reference Standards in a 
Breast Cancer Clinical StudyBreast Cancer Clinical Study

Paul Paul WolberWolber, Agilent Technologies, Agilent Technologies
ScaleScale--up of an RNA Reference Standard for Highup of an RNA Reference Standard for High--
Throughput Microarray QCThroughput Microarray QC

NataliaNatalia NovoradoskyNovoradosky, , StratageneStratagene
Universal Reference RNA as a Standard for Microarray Universal Reference RNA as a Standard for Microarray 
Expression ExperimentsExpression Experiments
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We need a Universal Standard for We need a Universal Standard for 
validating Platform Performancevalidating Platform Performance
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Microarray Gene Chip OverviewMicroarray Gene Chip Overview

Obtain RNA SamplesObtain RNA Samples
Prepare FluorescentlyPrepare Fluorescently

Labeled TargetsLabeled Targets

ControlControl

TestTest

Hybridize,Hybridize,
WashWash

MeasureMeasure
FluoresenceFluoresence
in 2 channelsin 2 channels

red/greenred/green

Analyze the dataAnalyze the data
to identify to identify 

“differentially”“differentially”
expressed genesexpressed genes
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Affymetrix GeneChip™ Expression AnalysisAffymetrix GeneChip™ Expression Analysis

Obtain RNA SamplesObtain RNA Samples
Prepare FluorescentlyPrepare Fluorescently

Labeled TargetsLabeled Targets

ControlControl

TestTest

Scan chipsScan chips

AnalyzeAnalyze

PMPM

MMMM

Hybridize andHybridize and
wash chipswash chips
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Workflow in an Array ExperimentWorkflow in an Array Experiment

DesignDesign
ExperimentExperiment

Conduct FunctionalConduct Functional
FollowFollow--up Studiesup Studies

((RNAiRNAi, etc.), etc.)

Conduct ClinicalConduct Clinical
FollowFollow--up Studiesup Studies

(Classification)(Classification)

CollectCollect
SamplesSamples

PerformPerform
HybridizationsHybridizations

Collect, Normalize,Collect, Normalize,
Filter and AnalyzeFilter and Analyze

DataData

ValidateValidate
Genes/TargetGenes/Target
ExpressionExpression

by QRTby QRT--PCRPCR
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Why we need a Universal StandardWhy we need a Universal Standard
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IntensityIntensity--dependent dependent ZZ--scorescore

ZZ > 2  is at the 95.5% confidence level> 2  is at the 95.5% confidence level
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ValidationValidation
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Why we need a Universal StandardWhy we need a Universal Standard
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A A StrawmanStrawman for a Standardfor a Standard
A set of 1040 synthetic A set of 1040 synthetic DNAsDNAs (“alien DNA”?), at least 500bp in (“alien DNA”?), at least 500bp in 
length, cloned into an expression vector (with polylength, cloned into an expression vector (with poly--A), with the A), with the 
clones freely available.clones freely available.

Freely available clonesFreely available clones
A wide range of GC content, etc.A wide range of GC content, etc.

A set of 70A set of 70--mers designed using openmers designed using open--source softwaresource software
A set of 25A set of 25--mer/other public probesmer/other public probes
A collection of A collection of in vitroin vitro transcribed RNAstranscribed RNAs
A set of standard (minimum 2) mixtures of these RNAs A set of standard (minimum 2) mixtures of these RNAs 
spanning a range of concentrations and foldspanning a range of concentrations and fold--changeschanges

Concentration range: fewer than “1 transcript per cell” to “1000Concentration range: fewer than “1 transcript per cell” to “1000s s 
per cell” (8 samples for 8 logper cell” (8 samples for 8 log1010s)s)
FoldFold--change range: 1, change range: 1, ±±1.1,1.1, ±±1.2,1.2, ±±1.4,1.4, ±±1.6,1.6, ±±1.8, 1.8, ±±2, 2, ±±4, 4, ±±8, 8, ±±16, 16, 
±±32, 32, ±±64, on/off (26 points)64, on/off (26 points)
Multiple samples at each concentration/fold point with range of Multiple samples at each concentration/fold point with range of GC GC 
content (5?)content (5?)

1040 = 8*26*51040 = 8*26*5
Associated Spiking Mixtures for inclusion in real RNA mixturesAssociated Spiking Mixtures for inclusion in real RNA mixtures
A set of “Standard RNAs” for each species that can serve as a A set of “Standard RNAs” for each species that can serve as a 
background for these exogenous controls.background for these exogenous controls.
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What’s wrong with this picture?What’s wrong with this picture?
This This is notis not a standard RNA for all comparisons a standard RNA for all comparisons 
between platforms, patients, labs, nor will it allow between platforms, patients, labs, nor will it allow 
particular probes to be validated.particular probes to be validated.

This approach would allow instrument and software This approach would allow instrument and software 
to be validated, but not choices for particular gene to be validated, but not choices for particular gene 
probes on the various platforms.probes on the various platforms.

This may not allow questions to be addressed such This may not allow questions to be addressed such 
as how splice variants and gene families impact as how splice variants and gene families impact 
expression measurements on a particular platform.expression measurements on a particular platform.

This will not be limited to a single species.This will not be limited to a single species.
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The Ultimate Standard?The Ultimate Standard?
30,00030,000--50,00050,000--100,000 100,000 DNAsDNAs (one for every gene and variant) (one for every gene and variant) 
cloned into an expression vector (with polycloned into an expression vector (with poly--A), with the clones A), with the clones 
freely available.freely available.

Freely available clonesFreely available clones
A set of 70A set of 70--mers designed using openmers designed using open--source softwaresource software
A set of 25A set of 25--mer/other public probesmer/other public probes
A collection of individual A collection of individual in vitroin vitro transcribed RNAstranscribed RNAs
A set of standard (minimum 2) mixtures of these RNAs A set of standard (minimum 2) mixtures of these RNAs 
spanning a range of concentrations and foldspanning a range of concentrations and fold--changeschanges

Concentration range: fewer than “1 transcript per cell” to “1000Concentration range: fewer than “1 transcript per cell” to “1000s s 
per cell” (8 samples for 8 logper cell” (8 samples for 8 log1010s)s)
FoldFold--change range: 1, change range: 1, ±±1.1,1.1, ±±1.2,1.2, ±±1.4,1.4, ±±1.6,1.6, ±±1.8, 1.8, ±±2, 2, ±±4, 4, ±±8, 8, ±±16, 16, 
±±32, 32, ±±64, on/off (26 points)64, on/off (26 points)
Multiple samples at each concentration/fold point with range of Multiple samples at each concentration/fold point with range of GC GC 
content (5?)content (5?)

A mixture of RNAs with fixed concentrations for A mixture of RNAs with fixed concentrations for platform and platform and 
probe probe validationvalidation
IndividuallyIndividually--derived RNAs mixtures for each tissue, disease derived RNAs mixtures for each tissue, disease 
state, developmental stage, …. state, developmental stage, …. 
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ConclusionsConclusions

We need to define common terms to describe We need to define common terms to describe 
our sensitivity, specificity, etc. (in a quantitative our sensitivity, specificity, etc. (in a quantitative 
way)way)
Need to define standards based on particular Need to define standards based on particular 
questionsquestions

nn Quality control standards for array platforms to Quality control standards for array platforms to 
facilitate comparisons and assess dynamic rangefacilitate comparisons and assess dynamic range

nn Quantitative measure of expression for each geneQuantitative measure of expression for each gene
nn RNA Standards to allow absolute comparisons across RNA Standards to allow absolute comparisons across 

datasetsdatasets
nn Focused standards for a particular experimentFocused standards for a particular experiment
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